Abstract. Logistics plays an important role in regional economic development. To analyse the interrelated characteristics of regional logistics and economic development, which is of great significance to the coordinated development of regional logistics and economy. This paper constructs the simultaneous equation model of regional economic growth and logistics development with taking Shandong province as the research object, and empirically analyses the relationship between the development of logistics industry and economic growth. The results show that there is a significant mutual promotion between the development of logistics industry and regional economic growth in Shandong province. Based on the empirical results and the discussion of the results, this paper puts forward some suggestions for the healthy development of logistics industry and economy in Shandong province.
Introduction
Logistics is an important carrier of regional economic part of the sustainable development of regional economy. In view of the importance of logistics development in promoting growth, regulating structure, absorbing employment and stimulating consumption, F. Shenggen (2004) believed that there is an inseparable link between logistics and regional economic development, which is reflected in the growth of regional logistics driven by economic development [1] . The logistics industry as a strategic industry has a significant contribution to economic development. Mačiulis (2009) analysised the contribution of regional logistics to economic development and the interrelated characteristics between them are of great significance to the coordinated development of regional logistics and Economy [2] . Frank through the empirical study found that the superior location conditions can make the logistics industry in the region to generate greater economic benefits [3] . Some scholars have explored the coordinated development of logistics and regional economy through various methods. Nguyen (2008) used the vector autocorrelation to research on the development of logistics industry playing a role for regional economic efficiency promotion [4] . T. Skjött-Larsen (2003) used the OECD model to study the impact of regional economic growth on infrastructure change of the logistics industry [5] . B. Gogoneata (2008) studied the impact of regional economies on the logistics industry by means of econometric methods [6] .
This paper argues that the logistics industry itself is an economic component, and its development will naturally promote economic growth. Economic growth and trade development will inevitably produce more logistics demand to stimulate the development of logistics industry. Meanwhile, the development of the logistics industry can be directly or indirectly facilitated by the economy grows. Based on the analysis and consideration above, this paper attempts to construct a simultaneous equation model, with taking Shandong province as the research object and discussing the interaction between regional economic growth and the development of logistics industry.
Materials and Methods

Variables
Variables of economic growth.
The GDP has long been widely recognized by academia to measure economic growth. This paper uses the 1990-2016 data of Shandong Province to measure the economic growth. According to the solo growth model and the Cob-Douglas function, in the regression analysis of GDP as the explanatory variable, we need not only to add value of logistics industry as explanatory variable, but also to integrate labour, capital and technology into the econometric model. The increase of labour refers to the increase of employment, not the increase of population, so this paper uses the number of social employments in Shandong Province to measure the change of human capital. With regard to the physical capital stock has no statistical data, can only be estimated by indirect method, this paper uses the more extensive and mature perpetual inventory method, to estimate the capital stock of Shandong province each year [7] . In the long term, economic growth depends on technological progress. Based on the practice of most literatures, the invention patent authorization amount is used as the substitution variable of technology. The relevant data are derived from Historical data of China's gross domestic product accounting, Historical data of China's gross domestic product and Statistical Yearbook of China.
Variables of logistics industry.
The best indicators for measuring the scale and extent of logistics development are the value added and turnover of the logistics industry. In order to avoid the multiple collinearity in regression analysis, we only choose the value added of logistics industry as the development index of logistics industry. As the modern logistics industry as a new industry has not been included in the Statistical Yearbook, but in the Logistics and Procurement Federation's bulletin has some and discontinuous statistics and data on the value added of the logistics industry, it is difficult to carry out the regression analysis of time series data. This paper is to measure the development of logistics industry by increasing value of transportation, warehousing and postal industry. For the purposes of data availability and continuity, the selection period for the development of the logistics industry and the economic growth indicators is 1990-2016 years, and the data are derived from the Shandong Statistical Yearbook of the relevant years.The statistical description of all indicators is shown in table 1. The changes of GDP, capital stock, value added of the logistics industry and the authorized amount of invention patents in 1990-2016 of Shandong Province are respectively shown in Figure 1 and Figure 2 . Figure 1 shows that, the GDP, capital stock and logistics value of Shandong Province are increasing rapidly, and the growth rate of GDP is 1990-2016 faster than that of the value added of logistics industry. At the same time, the changes of the three are same and highly convergent with time, which shows the strong positive correlation between the three variables. Figure 2 shows that, the number of social employments in Shandong Province has increased steadily in the 1990-2016 years, but the growth rate is slow which means that the rapid increase of gross domestic product mainly stems from the substantial increase of productivity caused by capital accumulation and technological progress. In stark contrast to the slow increase in employment, before the 2002, the invention of patents of Shandong Province is at a relatively low level and has a blowout-type growth after 2003, which perhaps play a pivotal role to the increase in productivity. 
Metering model
Based on the theoretical analysis above, it can be seen that the increase of economic growth source and labor input, the accumulation of capital, the progress of technology and the value created by the development of logistics industry. Thus, the expansion of Cob-Douglas production function could be constructed:
In the equation, GDP is the regional GDP, K is the stock of physical capital. L is the stock of human capital. LIAV is the value of the logistics industry and INV is the authorized amount of invention patent. ,e α0 is constant.
In view of economic growth and technological progress to promote the development of logistics industry, the construction of logistics industry development of the production function is as follows: LIAV = e β0 *GDP β1 *INV β2 (2) In the equation, e β0 and is constant.
The equations (1) and (2) 
(4) From econometric model, the value of logistics increases (ln LIAV ) and GDP (ln GDP t ) are endogenous variables. In the above two equations, the first line of the equation is the economic growth equation, the second line of the equation is the logistics industry development equation. of which, GDP t is the gross domestic product of the t year in Shandong province. L is human capital stock of the t years in Shandong Province. K is physical capital stock of the t years in Shandong Province. LIAV is the logistics value added of the t years in Shandong Province. INV is the authorized amount of patents the invention of the t years in Shandong Province; μ t and ε t are residual items.
Results and Discussion
Data Analysis
Stationarity test.
Since the autocorrelation and distribution lag are prone to make the time series data a non-stationary sequence, it is almost inevitable to perform the stationarity test before the regression analysis of the time series. This paper uses the ADF unit root test, which is one of the most common methods, for stationarity test. The test results are shown in Table 2 . Note: (C, T, L) in the test type indicates that there are constants, trend terms and lag orders. According to the distribution characteristics of the time series, whether to include constants and trend items is selected, and the lag order is automatically determined on the AIC criterion. *, **, *** respectively represent the ADF thresholds at the 10%, 5%, and 1% significance levels. ∆ represents the 1st difference operator, and the unit root test uses the AIC minimum criterion.
Cointegration test.
The results of the stationarity test show that the five time series variables used in the regression analysis are non-stationary sequences, but the five variables are stable after the first-order difference, which is the I (1) process. To prevent the occurrence of pseudo-regression, a cointegration test is needed to test whether there is a long-term stable or balanced relationship between variables. The Johansen cointegration test results show that there are two cointegration relations in the system at the 1% significance level and at the 5% significance level, there are three cointegration relationships in the system. That indicating that this time series variable. There is a long-term stable cointegration relationship, and there is no pseudo-regression in regression analysis. Note: *, **, *** respectively indicate significant at 10%, 5%, and 1%.
Granger causality test.
The Granger causality test by Eviews8.0 shows that whether it is the same period, the first phase, the second phase, or the third phase, the "Granger reason why economic growth is not the development of the logistics industry" and "Granger reasons for the development of logistics industry is not economic growth" cannot be refused. The original hypothesis is that it is difficult to distinguish the temporal relationship between the development of the logistics industry and economic growth. Therefore, it is appropriate to construct a simultaneous equation model including variables such as economic growth and the degree of development of the logistics industry.
Estimation results.
The results of the simultaneous equation model estimation by Eviews8.0 for the simultaneous equation model estimation are shown in Table 4 . According to the estimation results of the logistics industry development and economic growth simultaneous equations, the equations for the logistics industry development and regional economic growth are: 
Discussion
Based on the results of the estimate P values, all coefficient values are passed at least 10% significance test which shows that the influence of explanatory variables on explanatory variables is statistically significant. The degree of influence varies greatly. The contribution of the technology progress to the economic growth is minimal. The result of simultaneous equation regression also proves that China's economic growth mainly stems from the demographic dividend and capital accumulation, such as infrastructure investment. By contrast, technological progress has a much smaller effect on the development of the logistics industry, and its elasticity is much smaller than the economic growth of the logistics industry. The results of simultaneous equation estimation show that the adjusted R2 are very close to 1, which shows that the equations are fit to a higher degree, and the set of simultaneous equations and the choice of variables are more accurate.
Conclusion
On the basis of reviewing the literature of the development of logistics industry and regional economic growth, this paper constructs the simultaneous equation model of regional economic growth and logistics development. Then by using the data of 1990-2016 year in Shandong province, the paper analyzes the interactive influence of the economic growth and the development of logistics industry in the province. Based on the results of the measurement regression and the discussion, the following recommendations are made:
(a)To attach importance to inventions and to improve the conversion rate of technology inventions. A large part of the invention patent does not go out of the laboratory and university, and it fails to translate into realistic productivity.
(b) Reducing logistics costs and improving the efficiency of logistics development. It can significantly promote economic growth and optimize industrial structure, naturally should vigorously develop modern logistics industry.
